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Summary
Introduction: Periacetabular cement extrusion during total hip arthroplasty is a frequent
adverse event. This study sought to determine the contributing factors and any functional
consequences of this type of extrusion, which has been insufﬁciently studied in the literature.
Hypothesis: We hypothesized that the occurrence of periacetabular cement extrusion could be
the cause of an alteration in the functional result and/or intrapelvic complications.
Patients and methods: We retrospectively analyzed a series of 269 total hip prostheses con-
secutively implanted through a posterolateral approach using a second-generation technique
with high-viscosity cement over a period of 1 year (186 standard cemented cups [69%] and 83
retentive cemented cups [31%]). The series comprised 110 males and 159 females aged a mean
69.3± 16.8 years (range, 35—96 years). The indication for arthroplasty was primary osteoarthri-
tis in 135 cases (50.4%), necrosis of the femoral head in 56 cases (20.8%), fracture of the femoral
neck in 71 cases (26.5%), and seven cases of inﬂammatory arthritis. We radiographically assessed
the frequency of periacetabular cement extrusion and then sought to determine the contribut-
ing factors as well as any eventual functional consequences based on the Modiﬁed Harris Hip
Score, the existence of hip pain, and signs of pelvic dysfunction.ent extrusion was found in 68 patients (25%) and was more frequentResults: Periacetabular cem
in women. No other contributing factor was identiﬁed, notably the indication for arthroplasty,
the operator’s experience level, or the type of cemented cup. Extrusion was not accompanied by
a change in the Harris function score nor an increased frequency of urinary or pelvic disorders.
∗ Corresponding author. Tel.: +33 1 49 81 21 11; fax: +33 1 49 81 26 08.
E-mail address: h.dastorg@gmail.com (H. d’Astorg).
877-0568/$ – see front matter © 2011 Elsevier Masson SAS. All rights reserved.
oi:10.1016/j.otsr.2011.04.007
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Discussion: Periacetabular cement extrusion is frequent but its consequences are rare
(mechanical, vascular, neurological, urological, or visceral). Preventing their occurrence with
well-adapted technique is warranted (avoidance of perforating anchoring holes, control of
cement penetration). Given the rarity of the consequences, ablation of any extrusion diag-
nosed intraoperatively should be cautiously pondered upon to prevent any potential iatrogenic
incident for a doubtful gain. In cases of local pain persistence, the usual causes of hip pain
should be ruled out before attributing the source of functional discomfort to extrusion and
envisioning its removal.
Level of evidence: Level IV. Retrospective study.
© 2011 Elsevier Masson SAS. All rights reserved.
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The occurrence of cement extrusion during cup cementing
in a total hip arthroplasty (THA) is a common event (up
to 44% in the series reported by Martin et al. [1]), but in
certain cases, it can have functional and even medicole-
gal consequences [2—7]. Although, the literature reports
complications related to cement extrusion (neurological,
obturator nerve palsy [2,3], femoral nerve [4] or sciatic
nerve involvement [5]; urological such as a foreign body in
the bladder wall [6]; or vascular with compression of the
external iliac vein [7]), no hip arthroplasty series have been
reported in the literature with speciﬁc attention to this
type of extrusion. We attempted to verify the hypothesis
that occurrence of a periacetabular cement extrusion could
alter the functional result and/or be the cause of intrapelvic
complications. This hypothesis was tested through a retro-
spective analysis of a continuous series of cemented THA
prostheses implanted via the posterolateral approach. The
main objective was to determine the frequency and the
functional consequences of this extrusion and the secondary
objective was to detail the contributing factors.
Patients and methods
Patients
All of the patients who underwent a primary THA using a
cemented cup in 2007 were retrospectively analyzed. THA
revisions or following osteosynthesis were excluded. A total
of 272 patients were included in the study, with a mean
follow-up of 1.5 years (minimum, 1 year). Three cases were
excluded because of the absence of postoperative radio-
graphs, leaving 269 cases analyzed.
In all cases, the operative technique included a pos-
terolateral approach with capsulotomy, then excision of the
labrum and the transverse ligament. Exposure of the acetab-
ulum was maintained with two posterior Steinmann nails on
which were placed a valve, a superior nail in the roof of the
acetabulum, a double-bent retractor on the anterior wall,
and a Merle d’Aubigné retractor in the obturate foramen.
Four studs were bored using a curette before cementing:
two in the roof, one ischiatic, and one pubic.The cement used was Palacos R +G® (Heraus, Hanau,
Germany), a high-viscosity cement hand-mixed accord-
ing to a cementing technique after lavage and drying to
clean out bone and blood debris of the acetabular walls
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ielvis. 2: Toward the obturate foramen. 3: Combined: 1 + 2.
second-generation cementing), but without pressurization.
he acetabular implants were either standard cemented
ups (n = 186, (69%)) (Ceraver, Roissy, France) or reten-
ive cemented cups (n = 83 (31%)) (Groupe Lépine, Genay,
rance).
ethods
e identiﬁed and then described the size and location of
he extrusion with a double reading of the plain AP and lat-
ral X-rays taken before patient discharge. The size of the
xtrusion was assessed in relation to its largest radiographic
urface on one of the two incidences related to the view
f the prosthetic femoral head (diameter, 32mm): < 1/3,
etween 1/3 and 2/3, or > 2/3. Three locations were dis-
inguished: extrusion in the obturate foramen, the pelvis,ectory followed by the cement extrusion was analyzed in
elation to the radiographic result: through the acetabu-
ar medial wall, through a perforating stud, or under the
schiopubic notch.
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Table 1 Modiﬁed Harris Hip Score [8].
Modiﬁed Harris Hip Score (0—91)
Modiﬁed functional Harris Hip Score/47
Going up and down stairs/4
Can go up and down normally (4)
Can go up and down normally with bannister (2)
Any method (1)
Not able (0)
Public transportation/1
Able to enter public transportation (1)
Unable to use public transportation (0)
Sitting/5
Any chair > 1 h (5)
High chair < 1/2 h (3)
Unable to sit, ½ hour, any chair (0)
Limp/11
None (11)
Slight (8)
Moderate (5)
Severe (0)
Socks/shoes/4
With ease (4)
With difﬁculty (2)
Unable (0)
Support/11
None (11)
Cane for long walks (7)
1 cane (5)
1 crutch (3)
2 canes (2)
2 crutches (0)
Distance walked/11
Unlimited (11)
6 blocks (8)
2—3 blocks (5)
Indoors only (2)
Bed and chair (0)
Modiﬁed Harris Hip Pain Score
Pain/44
None (44)
Slight, occasional (40)
Mild (30)
Moderate (20)
Marked (10)
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signs and the patient’s history of urinary disorders, a testTotally disabled (0)
To study the possible functional consequences of cement
xtrusion, a questionnaire was sent to each patient. This
uestionnaire asked questions on the following points:
1) the functional result of the intervention based on items
from the Harris Hip Score [8] producing a modiﬁed score
out of 91 points (Table 1);
2) occurrence of one or more dislocations;
3) postoperative appearance of signs of urinary dysfunc-tion: pollakiuria, by asking whether the patients ‘‘had
the urge to urinate unusually often’’ and whether they
‘‘urinated in small quantities’’ and dysuria by asking
a
H
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whether ‘‘they had the urge to push in an unusual man-
ner to urinate’’;
4) postoperative signs of pelvic dysfunction: vesicalte-
nesmus by asking patients whether they ‘‘felt painful
tension in the bladder or the anus with a burning sensa-
tion and the constant urge to defecate or urinate, which
disappeared before or after evacuation of the rectum
or the bladder’’ and rectaltenesmus by asking patients
whether they ‘‘felt colic and rectal pain associated with
a false sense of needing to defecate.’’
Patients were also asked whether or not their hip was
‘forgotten’’ (if they felt so good that they forgot their
urgery) and whether they continued to take antalgesics for
ain in the operated hip at the last follow-up. When pain
as present, it was described using a second questionnaire
o as to specify the location and type. Presence of pain in
he anterior side of the hip and thigh can be a sign of an
rritation syndrome of the psoas muscle caused by extru-
ion of cement, whereas neurogenic pain such as burning
nd sensations of an electrical discharge in the medial and
audal side of the operated thigh are sometimes associated
ith dysesthesia that may correspond to obturator nerve
alsy.
For each patient who responded to the questionnaire, we
eviewed the X-rays at the last follow-up, contemporaneous
ith the questionnaire, to be able to detect any simulta-
eous event that could inﬂuence the patients’ responses to
he questions (mobilization of the implants, early loosen-
ng, cement fracture). The patients who had not responded
o the ﬁrst questionnaire received a reminder letter after
heir addresses were veriﬁed; then the attending physi-
ian was contacted if this reminder did not produce a
esponse.
tatistical analyses
he results were presented as means± standard deviation
or quantitative variables and as ﬁgures with percentages
or the qualitative variables. The proportion of extrusion
as associated with its 95% conﬁdence interval (95% CI).
Any possible inﬂuence of cement extrusion on the func-
ional results was studied by comparing these different
tems in the two groups (group 1, no extrusion; group 2,
xtrusion), then in the group with extrusion depending on
he size of the extrusion. The factors contributing to the
ccurrence of cement extrusion were sought by analyzing
he following characteristics in both groups: patient gen-
er and age, operated side, type of cup, surgical indication
coxarthrosis, necrosis of the femoral head or fracture of
he femoral neck), and operator experience.
The qualitative variables were compared by means of the
hi2 test or a Fisher exact test, if necessary. The quantitative
ariables were compared by means of the Student t-test. To
ake into account any possible relation between the urinarydjusted on the patient’s history was carried out (Mantel
aenszel test) for the comparison of urinary signs. A P-value
f≤ 0.05 was retained as the signiﬁcance threshold.
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Results
Two hundred and seventy-two arthroplasties were analyzed
(three were excluded because of missing postoperative X-
rays). A total of 269 THA (152 right and 117 left) were thus
analyzed, in 110 males and 159 females with a mean age of
69.3± 16.8 years (range, 35—96 years).
One hundred and ninety-four prostheses were implanted
by a junior operator (fellowship, resident) and 75 by a senior
operator. The indication for arthroplasty was coxarthrosis in
135 cases (50.4%), necrosis of the femoral head in 56 cases
(20.8%), fracture of the femoral neck in 71 cases (26.5%),
and seven cases of inﬂammatory arthritis, ﬁve of which
were ankylosing spondylarthritis (1.8%) and two rheuma-
toid arthritis(0.7%). Of the patients who did not respond to
the questionnaire, 23 had died (21 patients operated for
a femoral neck fracture), with 14 deaths in group 1 and
nine in group 2. The response rate for the questionnaire was
57.7% (142/246 after exclusion of the 23 deceased patients),
with 113 responses in the group with no extrusion (113/187;
60.4%) and 29 responses in the group with extrusion (29/59;
49.2%).
Cement extrusion occurred in 68 cases (25.3%; 95% CI,
20.1—30.4%), 47 of which in the obturator foramen, 15 in
the pelvis, and six combined; see Table 2 for sizes. The
presence of cement in the obturate foramen was the con-
sequence of cement leakage under the ischiopubic notch
(Fig. 2), whereas its passage in the pelvis was the conse-
quence of a perforating stud, either pubic or ischiatic, or
perforation in the acetabular medial wall (Fig. 3). For the
142 (57.7%) patients who responded to the questionnaire,
Table 2 Distribution of extrusion size.
N (%)
≤ 1/3 of femoral head 36 (53)
1/3 to 2/3 of femoral head 17 (25)
> 2/3 of femoral head 15 (22)
Figure 2 Postoperative AP X-ray. Extrusion under the ischiop-
ubic notch toward the obturate foramen.
Figure 3 Postoperative AP X-ray. Extrusion through perfora-
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bturate foramen.
omparison of the X-rays taken around the questionnaire’s
ime with the postoperative X-rays demonstrated no event
implant mobilization, loosening, or cement fracture) that
ould have had functional consequences. The modiﬁed Har-
is Hip Score was not signiﬁcantly different between the two
roups in terms of the function score, the pain score, or the
otal score (Table 3). Of the patients who responded to the
uestionnaire, 30% reported persistent hip pain (Harris pain
core≤ 30): 23% of patients experienced pain in group 1 and
% in group 2. Of the patients reporting pain, 33% experi-
nced it in the anterior side of the operated hip and thigh.
o signs suggesting obturator nerve palsy were reported.
here was no signiﬁcant difference between the two groups
n terms of analgesic consumption, the dislocation rate,
nd the subjective criterion of the hip being ‘‘forgotten’’
Table 4). The pelvic signs (pollakiuria, dysuria, rectal tenes-
us, and vesicaltenesmus) were not more frequent in cases
f cement leakage (Table 5). The size of the extrusion did not
nﬂuence the functional result in a statistically signiﬁcant
anner (Table 6).
Only the patient’s gender was signiﬁcantly correlated
ith occurrence of cement extrusion, with a female predom-
nance (P = 0.012). The type of cup was distributed similarly
n the two groups (P > 0.05): in group 1, there were 140 stan-
ard cemented cups (69.6%) and 61 retentive cemented cups
30.4%) and in group 2, there were 46 standard cemented
ups (68.5%) and 22 retentive cemented cups (32.5%). Oper-
ted side, age, operator experience, and etiology were not
tatistically signiﬁcantly different between the two groups
Table 7).
iscussion
his study conﬁrms the frequency of the occurrence of
eriacetabular cement extrusion during THA including a
emented cup (68 cases; 25% of the patients). In the only
ublication speciﬁcally reporting on this problem, Martin
t al. [1] found a 44.6% frequency in a series of 100 THAs.
612 H. d’Astorg et al.
Table 3 Modiﬁed Harris Score in relation to existence or absence of cement extrusion.
Group 1, no extrusion (n = 113) Group 2, extrusion (n = 29) P
Harris functional score 38 ± 9 39 ± 8 0.52
Harris pain score 36 ± 9 36 ± 7 0.40
Harris total score 74 ± 16 75 ± 12 0.92
The population studied in this table was the 142 patients who responded to the questionnaire.
Table 4 Results in relation to existence or absence of cement extrusion.
Group 1, no extrusion (n = 113) (%) Group 2, extrusion (n = 29) (%) P
Analgesics 23 31 0.37
Hip forgotten 64 58.6 0.60
Dislocation 4.5 2.9 0.74
The population studied in this table was the 142 patients who responded to the questionnaire.
Table 5 Pelvic signs in relation to existence or absence of cement extrusion.
Group 1, no extrusion (n = 113) (%) Group 2, extrusion (n = 29) (%) P
Pollakiuria 25.0 24.1 0.92
Dysuria 10.7 17.2 0.34
Rectal tenesmus 10.7 6.9 0.54
Vesical tenesmus 8 3.4 0.39
The population studied in this table was the 142 patients who responded to the questionnaire.
Table 6 Results in relation to the size of cement extrusion.
≤ 1/3 (n = 13) 1/3—2/3 (n = 7) > 2/3 (n = 9) P
Harris functional score 41 45 41.5 0.30
Harris pain score 40 40 40 0.58
Harris total score 73 79 74 0.37
Analgesics 41.7% 11.1% 37.5% 0.29
Hip ‘‘forgotten’’ 33.7% 77.8% 75.0% 0.067
Dislocation 2.8% 0% 6.7% 0.3
Pollakiuria 25.0% 22.2% 25.0% 0.99
Dysuria 25.0% 11.1% 12.5% 0.65
Rectal tenesmus 16.7% 0% 0% 0.22
Vesical tenesmus 8.3% 0% 0% 0.48
The population studied in this table corresponded to the 29 patients who responded to the questionnaire and experienced extrusion.
Table 7 Risk factors for cement extrusion.
Group 1, no extrusion (n = 201) Group 2, extrusion (n = 68) P
Age 68.6± 17.4 71.2± 15.1 0.38
Gender: female 54.7% 63.2% 0.012
Right side 54.5% 63.2% 0.21
Junior operator 70.1% 77.9% 0.22
Etiology 0.44
Fracture 24.5% 31.3%
Coxarthrosis 50.0% 52.2%
Necrosis 23.0% 14.9%
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This higher incidence can perhaps be partially explained by
the female predominance in their population (68% females),
with women more frequently victims of cement extrusion in
our series also.
Periacetabular cement extrusion did not have a signif-
icant inﬂuence on the short-term function result in the
present series. Although 30% of our operated patients
described persistent postoperative pain at more than 1 year,
this was not more frequent in the group with extrusion and
was not related to the size of the extrusion. Taking into
account a possible methodological bias, related to the num-
ber of patients lost to follow-up, which reduced the sample
size (questionnaires collected from 57.7% of the patients),
this could induce a lack of statistical power moderating the
results. Nevertheless, the populations were comparable on
the Harris functional score.
Many complications attributed to cement extrusion have
been reported in the literature as clinical cases [2—11].
They can manifest through functional failures and/or
complications that are often poorly known because of their
rarity. Several cases of neurological complications have been
attributed to compression caused by cement extrusion: ﬁve
cases of obturator nerve palsy [2,3], one case of acute post-
operative femoral nerve palsy [4], and one case of sciatic
irritation [5]. Out of four cases of obturator neuropathy
due to cement extrusion, two of the three patients reop-
erated for neurolysis of the obturator nerve (which included
two cases of ablation of a compressive cement fragment)
improved [2]. The authors concluded that persistent pain
in the groin and the thigh associated with amyotrophy of
the adductors may suggest this diagnosis, which could lead
to surgical revision [2]. The injection of local anesthetics
guided by CT can also be proposed for diagnosis and ther-
apy [3]. Direct mechanical compression of the sciatic nerve
caused by cement extrusion through the ileum can lead to
refractory sciatic pain, as demonstrated by the disappear-
ance of symptoms after excision of cement several years
after the initial surgery [5]. High local temperature during
cement polymerization can also be responsible for burning
of tissue in contact with extrusion, with permanent nerve
damage [4]. Despite a speciﬁcally oriented questionnaire, in
this series we did not encounter this type of complication.
Other atypical symptoms or adverse events, in particular
urological or vascular, have speciﬁcally been attributed to
cement extrusion, such as compression of the external iliac
vein caused by intrapelvic cement extrusion that was secon-
darily removed via the subperitoneal approach [7] or false
aneurysm of the common femoral artery related to cement
extrusion in the obturate foramen [12]. Even though the fre-
quency of signs of urinary dysfunction did not differ in the
two study groups, cement extrusion can manifest by atypical
urinary symptoms such as macroscopic hematuria attributed
to an exothermic reaction during methylmethacrylate poly-
merization, postoperative dysuria due to the presence of
cement in the bladder wall, or even vesicocutaneous ﬁstu-
lae [9,10]. Painful gynecological and digestive complications
can appear long after the initial intervention, stemming
from cyst formation caused by contact with intrapelvic
cement fragments (successfully treated by removal of the
cyst) [11], by compression with rectal irritation [13], or
several years after arthroplasty upon a fracture with mobi-
lization of an intrapelvic cement mass [14]. Injury related to
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voluminous cement extrusion that had been asymptomatic
an therefore lead to secondary complications.
Cement extrusion can theoretically result in cup ﬁxa-
ion failure because the studs are perforating and therefore
onretentive, or because a large part of the cement has
xtruded, resulting in poor cup ﬁxation [15].
Prevention of cement extrusion is based ﬁrst and
oremost on good surgical exposure, guaranteeing good
isualization of the acetabulum edges (mainly of the ischiop-
bic notch under which cement extrusions pass toward
he obturate foramen). Good exposure facilitates ablation
f excessive cement before polymerization. Reaming the
cetabulum should be particularly cautious in cases of pro-
rusive osteoarthritis or advanced osteoporosis so as to
reserve the acetabular containment. In cases of perforat-
ng pubic and ischiatic studs, or perforation of acetabular
edial wall, retentive mesh-type components or a femoral
ead fragment can be used effectively to contain the
ement [16]. The quality of the cement introduced into
he acetabular cavity for cup ﬁxation should be adapted to
he acetabulum size and not related to the standardized
olume available both for the acetabulum and the femur.
f, despite the precautions taken, cement extrusion should
ccur, the question of whether or not to remove it is raised.
f the cement extrusion was diagnosed intraoperatively dur-
ng the arthroplasty, systematic excision is in our opinion
esirable, except if it seems too risky, such as when cement
as migrated toward the acetabular medial wall, given the
arity of the complications reported.
With persistence of a functional complaint after the
ntervention associated with cement extrusion on pelvic X-
ays, two problems are encountered: the relation between
he ectopic cement and the symptoms, often difﬁcult, and
he indication for revision. Exploration should include a
elvic ultrasound, particularly of the bladder [2,17], and/or
CT-scan with or without contrast injection [3], sometimes
ssociated with an electromyogram in cases of nerve palsy.
blation of a cement extrusion cannot be envisaged until
fter the other diagnostic possibilities (femoral nerve pain,
cetabular loosening, or pelvic tumor mass) have been ruled
ut and the irritation related to cement extrusion remains
he diagnosis by exclusion. If surgical revision seems logi-
al but is impossible (patient refusal or contraindication to
nesthesia), intrathecal injections of opiates and bupiva-
aine can resolve the pain [18].
onclusion
eriacetabular cement extrusions during total hip arthro-
lasties are frequent but their consequences are poorly
nown. They have no statistically signiﬁcant inﬂuence on
he functional results, but the high number of patients lost
o follow-up in our cohort warrants further studies to con-
rm these conclusions. These extrusions can nonetheless be
esponsible for rare but highly varied complications (vascu-
ar, neurological, urological, digestive, and gynecological).
t therefore seems necessary to prevent their occurrence
ith rigorous surgical technique. Their systematic ablation
n cases of extrusion diagnosed intra-operatively is logical
ut does not warrant the practice of procedures that are
6p
q
D
T
c
R
[
[
[
[
[
[
[
[
[14
otentially iatrogenic because of the rarity of their conse-
uences.
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